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1 

ma L TSfi? -a:, c (DS.n^M(Dmiuc ^ <o sjta^-r 

(r>nm^miiat^x-(y^m(r>w.ti^w.'}>-^^. m^^ 
T. '<y^m.<Dnm^wM^'^x^y<7m(DS.ti^^ib 
^ct\z^K>^yi^m<r>^^^'^tr\\ ^o^. -(y^^ 

^Mi^iStoTfiA^ ^ tttn-r 5 >■ ii^^fetcRtm t fc-r 

cit*«2] '<y-^m\H(DBtim^'^y'>o±tii:^fti(D 20 
•y hmm^B^t^m'ik(D4y^m^attiiiE'^^rcib(D 

i:*#®i:-r5lt*m l IB^©-f >^i^*x -y h's-y K© 

[11*^3] mm(D4y->m^^L. c<D^^y^m 

yi'm^mSimc^B-^'^r^y^mii^^-fy'^^attii 30 
(omm^misu-^-^r^ y'>m(Dmti^m'p-&-^. m^^^ 

y ^}jg©Rttb^fT'5 i: i: 1 1 il ©-r >^?i©tt(±S3ia 
y^Mtc-^fti^-lJrT 1 K<y F^gjg^JgfiR-rsiKift^fT^ 
1 K-y F?g?g^mfiK-r5«m©-i'y^'«^ttm?-B:^/S: 40 

•ar5:^|pifi:^y If y^f/^;i/X«ff^9]j)n-r§ ii 

i:-r§-ry^'i/'x>y h-^>y K©ig»J7?So 

[il*«4] 4y'>^f*^(DS.timt'^^yi'fiib:f5i^(D 

«y hffiJSJgrfgfiKT5S^©'ry^jg^ria:m$-li:5fci6© 
ig»I^Vl/X«E*2 A L©sisfg©^ra©ffiiptrc:m. 
Ki6''^;i/X«E©ffiiP^ A L ©<SIS[<g©^p^i^±-r-5 c 
i:5:#Sti:r5li*«3EiJ©'l'y^yx-y h'N-y K© 50 
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y^m^m^miz^m-^'ttx-f y^mt^i^-f y-^^^tm 

^-arS-fy^v^x-y h'N-y Ktc*ftT. 5tf. -Ty^^ 

(Dmm^mt\}-s^x4 y'!7M(DBti^wp^^. m^^ 
X. ^y->M(D^m^m'>-$^x-cy^m<DEt}^^ib 
s<:i:i<:j:D'ry^S©ttai*m\ ^©^> -ry^'^ 

y ^ ^^©ttaj^tT 3 i: i: t ii ©-< y ^ ?^©iy:m}ia 
^ jii^K46Tt^*^ ?>ttdi-r5-ry^?g^5fetia:{jbL/c'r 

y<^jgtc-&«w$-&T 1 F'yh?gjg^}g«-r51[tt*tT9 
I' y ^©^a^iiin -li 5 Kib/ ^)ixms.^mtau 

m\>^x. ^y^^(omm^m'ptE-^?>mm^^f\^^mm^ 

L/cfg. SiSISIU^-r^y^'W^^^JI-riii:-??! K-y 

FfS?s^}g^-r5/cJ6©«i!([Hi©'i'y^?g©ttm*fT 
v\ I \^>yhmm^m^t^mm(D-fy^m^otiii^-\t 

5fc46©igi)>'^;bX«l±^enAPb/ift. iEtd^^^l/XWE 

©epAp^0T^^Ki^^±b. ^©fi. '<y'>m<Dmm^M. 

'>$-a:S:^fRit^y t!y^/^;l/X«E*9]ip-r5 c i;^ 

It^t-r^-fy^i^'x^y h^-y K©iKi(l73rffi<, 

[if*JS6] 4y->mfH(D!±tim'^-cy^^iii:fi\^(D 

-4S*^5.«STfi»-r5^ra^ALtLfc!;t. -Ty 

^'M©^«^tiip$#§|g»j^'^;bx«ffi>&A l^p^wAp 

Mv^T. ■^y^^(Dm-m^wp^^^mW)^y\'7.m 

ffi%2 ALBfP^HiiPb. •^©f^. |gii^^;l/X«±©EPAp 
«rAL©^a<g©^ra#±bfc:^. Sai^b^f'T^y^ 

ttff;&i^jgi-i: 1 K-y Ymm^^m^rc^(omm 
[Bi©-ry^'}i©ttai*ffi/\ 1 F-y Fj«?g^}^fiic-r^g 

m©'i'yi^?K*Rttli*-ti:5fcii)©]^ii/^;l/X«ff*2 A 

L ©«S^©Btr^©miP bfctt. |g»i/-^;PX«ffi©EniP 
^ A L ©^|ilfg©BtF^^|c±-r§ ii i:;£#Sih^5|f*:S 
5iaic©-ry^i^'x-y F'N-y F©llil73j£o 

[it««7] itS(©-ry^M^*b. ii©#-ry^^ 
\zn^.LxmnzSM^mmm'^)\y7.ms.^mnm\z 

SliPbT^ffi^-li:, il©J±«g|5S©^{itJ;!3BulH^'r 

y^^^miRm\cm^-$^x^y'>mt^i^^y-^^vtt\i 

i^^^y->i/xyh^y¥lc^LX. 9ff\ ^y^M 

©S«^iiip^-&T'i'y^s©)E;^)^M'>^-e:, mi/^ 
T. 'i'yiJ'^©S«^jS'>?-&T'ry^s©ff:^^i«ft 

i.i:i:lc<tt)^'y^'}g©fiai*fTV\ ^©f^. -Ty^'^ 

©g«^7c{cM b. ii n^mm]3imi§.-t c t r-assja© 

y ^ jS©a:ai^rfT 3 i: i: 1 1 ^ ©-r y ^ ri©ttti3jia 

-ry^'^©§^^«sn^-i*s^^'^;i/x«E«r9iJob. 
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8] ^y'^m.\HcoE.liWLi3'^'<y^^\^'^\^(r) 10 
sgi/>T. ^y'7Mnnm^w.'p-^'^^mif^)\'7.m. 

'1' ^' rS^iltai $ 13: -5 fcJ6©mtt'' ^;UX«JE^ 2 A 

^ALOfSS^©^F^^^c±-r§Cil^!iti4fct-5»*a 20 
7 E^tD-r y i/'x >y F'N'y F<OlgSi:^?£o 

[000 1] 

7^7.ii-^hm!Rj±\^^^^mL(D^y'^m^'^w.Lx i 

F-y F?SrSi^}l^^-r§, ■^/b^ Fn >y y;^^© Fn >y 
• ty ' T^yvm^yi^i^j-y h^-y F©lSft73i£fc 

[0 0 0 2] 

mmLrmis^. c(DE.m^u<Dmmc^<o^4y^ 
m^m^mKmmiE^x^ y^mti^^-f y^^^mt^ 

rmmi^-fy'^i^jL-y h^-y r^i^mhrmmmm 

^n^1j&tLri,i. m^l£> USP5. 461. 40 

tiit^-cy^'m<D»m^mmLrmmmmcmmt?>-f 
yi^mcDV-fX^mt-^'^r^mmm^noyi^'pu s 

P 5, 2 8 5, 2 1 StcM^x^tlTV^^i^tu. IS]-© 

tv^y^7.t^ibim(D-(y'>m^mmffii^^BiiEit?> 40 
^$fj»f i. c t T'mmmm^no-^)\^9- f d -y 

[0 0 0 3] M#077?£(ix ^y^m(Df±tii'ik(D:i-V^ 
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xmm^WiX 7 jsjis^wtcttm -b-t 1 00 f 

>yF^}Bfig-r§. V^t5l$5, Fn-y:/". • f^:/F 

^(DtOTii. 1 F-y Fffl^O/cJ6{C7?g7i^^icbT 
ttai-r5P^tl5@jitt*^i^ilLTffl^ F-y hTb'^fSfii^gf* 

[0 0 0 4] cn^frnkt^i^mtLx^t. mw<D-cy 
^m<D^mcnLrmc(±iiit^-(y'>m(o'^&w-k 

|gii/^;l/X«m^aig!6^l{i:0ij[ip^-a:5 c i:T'j|31LTv> 
[0 0 0 5] 

5o -T^x 1 '7-<y(Dd^^l3mJhx:k<o 1 ^-f 

^^fwlife-r 5 i: t U -i- 7 -T X(Dp< r:X:^ XOgijA^ 

Jd-U'('7WXCD^ :::X A XOlii&!!)^:^# i: 

fl:^3t5^ tc 0 5 ;i A^'T' t i: o P^SA^So fee 
[0 0 0 6] Bf*Sl7^M4IBK(D|gH^ti. JE 

mm(om.mciiK> w.^(o-f yi/m^mnmc^mt^ 
T'r>'^'^A^e.-r^'^'^ttaj^-i±5-i'y^>'x-y h'x-y 
¥^mm VT-c yi^mij'^m^m-cy^m^mm.mc^ 
mno 1 1 ^ic-f y^m<DBtiiimm^mmibrmi)^ 

^m^t^mmi^^^'^r. ^yi^mo^s-timm^w-mi^ 

[0007] 

^SflD-oe^M^wu c(o^-(y'>m\zm^Lxmif 
ctDs.m.^uomm^cjaiD^^y'^m^mm.mizm. 

J^^-e-T-Y >^S3b^e.-r >^^tttti:?-&5-r >^ S^x 'y 

i'y^'^<Dff:^^!i'>^-ii:. ScV^T, ^y^m(Dmm^ 

m'pt^x4y'>m<r)mti^Mib^ctic^K>'<y'>m 
(ontiii^m\ ^-o^s -fyi^mo^mm^TticmL. c . 
n^mwLmmm-rctxm^m(D^ym(Df±ih^'n'? 

tti>icc(D^ y'>m(Datti!,mm^m:^mtbrm^<E>f± 

mr^^y-^^m^mcvtiiiLrc-fyi^mi^'^w^'^r 1 



5 

[0 0 0 8] m^mzmmtommii. mmm i mmo-c 
Etim'^'fy'^^tthyjitKD-m^^mi^^TBmtm 

■>^rS^iitli$-a:5/cfc©^®)-'^;l/XmE^2 A LOS 10 

[0 0 0 9] W5i?]S3BB«(DiiB^a. ^tsjo-ry^s^ 
^L. c(D^4y'>micMitLrmifrcs.m^mcmm 

<o^mz^K)^^y^m^wmKm^^^x^y'^m. 

T. 5t-r, '^y':7m.(Dmm^mMt^x-(y'^^<Dm.ti 
m\^x. -fyi^mo^^m^m'ptE^T^fy 

^^(DBct)^'Stb^CtlC^K>^y^m<DOi:iii^n^^>^ 20 
T c i: TMSdHO'T y ^ JitDtttil «:tT 3 i: i: ic c (D-r 

y^m(Dattiimmw^i^ibr'm''^fitiii-r^^y<7m 

L. ^(o'ik. -fy^mo:)mm^mi}ut^^y5mc^y\i 

yiffVi7,mm^mtQt^ctich^. 

[0 0 10] mMm4mm(Dmmi. is#W3i2«©-r so 

>'^'}K^tttll$-ti-5/ctocDSgi!)/'?;l'7>«E^2 A LOS 

iifgoB^iaoBPinLfc^. |glSA;i/x«ffi©Siira*A l 
[0 0 11] BsRwstesw^fi. «S{o-r>'^M^ 

^^OjE;']*!^*?)^ j; 0 -r>^'aoR±l±5^^7i/\ 

•r c i: T^mm(04 y ^ }i©B±ai;&fT 3 t c ©-y 
> aottmiig^^^^gi&Tm*^ & tttu-r -5 > ^ js 

*$feicttaiL/c'ry^}iStc-&{*$-t*-Ti K-yh^rS^jg 
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^ ^ y y»i{t^i^3g-r c i: t- i k >y h j^ffi^jKfi)c-r 

m f S fif^ o y ^ ttm $ -a- § /c 46 1 

\dy^'^V\y7.ns.^mi}at^ctic&^o 

[0 0 12] ii*S6fa«©58Bj{±. ii*ii5iatto-r 

p^^ALi:L/ci:t. '<y'>m(omm^misu-s-^^mm 

«rM'>?-&5|g»J/^;l'X«E;&2 AL^P^aiJlPL, ^(D 

®»i>'^;i'X«E©eriip^AL<D$^f&<DNFP^i*±L 
1 Yyvm^^]^^t^mk(o-(y'^m^^]h't^^rz 

J6(Dig|&>'^;UX«E^2 A LOSSigO^^coeitoLrc 

iii!j>'^;bxmE©rap*ALo^sc«©^F^{^c±-r 

§ cl S ^ o 

[0 0 13] l»*^7ie«0?gH^(i. Mig((D-r>^m^ 

Wb. c^DS-r>^m^^:^^JSbT^^trcE«gi5$^^^fgi6 

>'^;l/7c«E^SS?Wfc9iiPLT^{S^-&. dcoEWSP^ 
o^fitfc j; 5 ^-(y'^mimmin^^z^x-^ y^m 
3f»^e)-l'y^'%ia:ai^-&5'l'y^>^x-y h'N-y Hlc^sfL 

T. ^t-f. ■^y'^m.(Dnm^m)m^^T-^y'^m<DE.ts 
^9cicatmLrc-(y'!7mK.^i*-fE-^r 1 h^yhmm^T^ 

<DS«*M'>*-&5lgi&/Vl/X«E^ErAPL. =i<m.. 
|gK)/'?;l/X«EOEPi)P^mS^r^i*±Lfctt. »g[5|i: 
^ ^ y ^»ft;&i^S-r ci T 1 H -y h ?SrS^J^fi!t-r 

±L. ^-om. 'l'yi'MOSa^tiliP$-a:5:^lRlle^^i' 
If y^V'^;l/;^«E*aiiip-r5 c t JcfeSo 
[0 0 14] IS*3l8l2®O^H^{i. il*^7fS®©^' 

E;':iSAW>^ttm;^(Sio-i^*>p.ffiuS$T'{5Ji-r^^ 
^«rALi:Lfci:t. ^>^MO§«^liia^-a--5lgKi 
^'^;i/X«E*AL^P^9]iPL. ^v^T. f'y^'Soga 
^M'>*-a:5lgl!i-'^;l/XttE*2 A L^F^MpU ^-O 
!ig»j/^;l/XflE©BiJiP*AL©^IS<g©l^Paf*±L 
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tci^. mm i: ^ -r ^ ymi^^imt c i: t- i k h 

[0 0 15] 

[0 0 1 6] ^LT. MIE#ft?g4©ffl!lffii;|£ffiK««i 

[0017] HutSStS 1 <D-73 tD® OfMiltC y U y b 20 
li]SSS«7^S«H^b. C©:/UyMelS§S«7(D± 

[0018] MIHEMSPtt 3 (D± t Ji. -tr ^ ^ -y ^'tfA^ 

1 1 ^:si^^^iymmmmmTmmmmLx\.> 

5o $fc. Hut2#E«gi5M2, 3(D9cmcmWL(OtV^ 

7 X 1 2 ^r^ttfc/ x^i/y i/- h 1 3 ^mmmxi^m so 

[0 0 19] cniCcfcO. H5HB§ftM4(i±g|5A'iBiiffe^ 

«?i iT-ffid^n, $t4SAVX;i':/l/-h 1 3T-a*m 
^ti^'nE;']^i:LTO'ry^'S«:}gfig 

[0 0 2 0] HuE^Sl Ucftii-ry^Sl 4;&fgfi!t 
Mia§:S^4T'}^figLfc'r>^'S<Dfifflgi3*':il(Dtt 

[0 0 2 1] m2imi<0m^<D^y^i^x.yh'^'yy 40 
*atg 1 ^ItV^TII-ll^glCjeoTifffiLfcilttDgP^i- 
ffffiHT'. mm^&m 4 x-mmhrc-f yi^mi s tomm 

5o 

[0 0 2 2] diD-ryi'v^x-y h^y H^HjftM 

a^r03©(a) , (b) ^#P,LTkE^5o S-O^ 
Ml 5fC-ry^A^^W^nTV^5t(cffiT\ 03 ©(a) 
^N-Ti^tC. El|gi5#2. 3A^6*i>iOMPl . P2 . 
P3 . P4 T'SSTP)tl/c3-00-<y>>gl 5 A. 15 50 
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B. 1 5 cKmsL. fp^cD^y ^mi 5 B(0mm5\Z 
JEoWEE^^imL. m^<r)^y^W. \ 5 a, l 5C<D« 

Sg5^g^iftW4 (GND) tf-Bi:. -0^^15 6© 

MiiMPz . P3 EMmi2. 3timmy5\^xm^ 
icM\pit^y5\^Kj^mLx\,^^rci^. -ry^^isB© 

[0 0 2 3] co^^^-e. ^mit. 03 ©(b) jcg^-r<t 
i^E^o^y^'Mi 5 a. 1 5C(Dmm5^mi&m 

mcLrc^fP^o^^y-^Mi 5B©«ffi5fCft©ttE 

^enip-r^i:. -fy^j'Si 5B©Mi!i^P2 . P3 a. 

ic^fl^-r^o c©^fl^fcj;t)-r>^Mi 5 B©-r>^ti 
^'ji-^^-xi 2A>e.(±tti-r-5o 
[0 0 2 4] c:©4^^-e. ^st. ^rv^Mi 5B©« 

zti^iiotiiiLrc^y'>mim^-?Ei\xm^mw(Dyj^m 

[0 02 5] C (D4 y^iyx <y h'N-y F©|gt!l?3 

StOl/^TKE'^So 04(±. mW3J^!l^:^ik.Bqt^y^ 
mi 5rt{C|^4-r5Et)^i6jS}^r^^LTV>5, HcfJ 

ALiiEniD^H^S^L. ^©EntaKfHA LJii'yi'Mi 

[oo2 6]$fe-f. '<y'!7^aim-r<^^y^mi 5(D 
mffi5iciE«ETfe?.vi ^giinf^i:. ^y^mi 5 

im(DEtltl^^^t^o iE«EVl *ALH$ra/-ctt0]iP 

©Eni!iP»i:WLTE;'3jS©fiifflA^-S!f-r5©T'E;/]K©ffi 
itiAltiig[tcii;A:^tiTPi ©E;b&*^*i;-g)c c<Dtt 

[0 0 2 7] ^LT. ft'®EV2 A LBtB^ffltEPiP 

*^jS*t%5©T% E;'3js©ii'ii*^^i&e)n. ii©**3 
A Lmmi^±-t^o *fe\ -©^i^±^pa{± 3 A imrsic 

[0 0 2 8] mczmsoy-fy-^m^^m-^-^^rcisb 
mmmm^yi^mi soitffistiEWET'fesvi 

^Bliq-rSo 3 A L^fflig^LfciltO-ry^Ml 51^ 

©E:tiS{±ft©E::'itc^oT(/>5©T% E:':)iS©ffiffi*^ 

x*wp$n?>©T\ E;'3Si!)tisnsic^^*^~ 1 Mg<fc 
[0 0 2 9] c^LT. w^mmcvt-ox. m^is. 8 

P§Pffl¥©^-&> E;'DjS©Ii®)^Pl . P2 . P3 . •• 

tm^Aisi^tiiiip>7M<o^y'!7mi)mmLx:tv^y^ 
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[0030] <l<0^oK, Fn>y:?' • . -rVVKtc 
[0 0 3 1] CCDJca^lBKlT^jSlC^Jl^Tti. a^LT 10 

u^Mcm.mLrj:\,^mmLrc^yi'mi)'^fc^Lr^y 

Si6!b^*l»-r § S T'^ o T ^ t fc-f >' ^ CD 

Siii:ti-et*v\ 20 
[0 0 3 2] ^>'^v^x'y h^N-y F^3^^SlJ|g 

{c^-r<t^tc:&?><, 3i>^mmmxit. mw<D^'fi--f(D 

(D^f\y- f(D'<y'!7m.fT'^(r)'<y^^m'^mJhx^y 
X cDjgffijg|{i A^"m^t;^T(D;'c t ^ * § t T'Bf 

[0 0 3 3] =tr.x\ mQ\z.7r<tmm-n'&.^m^-f^^ 
hxm^m&<o%'!>^i-mm\t^m^o 0cf'ig»i/'?;i/xq 

■&§fcJ6cD>'-^;l/XT'fe§o 5t-r. IElil/^;I/X q 1 tiO 
■Yy^'Ml 5 0«ffi5t^LTiE«JEVl ^ALBtP^EP 

P^^So ^-LT^ ft«ffV2 «r2 AL^F^ffttBlAnL 40 
[0 0 3 4] c:eO^'">'t!>ifliffidp ©WiPCiO. ^ 

y^mi 5^(Dmtimmti^n.(Dt^KiE<DEti'i&if^^ 
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icj^ML. m.^\mmLrc^y^m.ti'^(o-(y^^m^ 
[0 0 3 5] r^^. tMLtzmmmmxit. wio^ 

> ^ ri^ttm 5 ii- 5 /c46©^ifi>' ^;l/X {c *5 It § ftBE V 
2 09]*P1^P5*2 A L^P^t^^Lfc^^tOl^r^'^ 

fc*w"btiin{ci5g^-ri)to-efi^<. sii. 2 a 

h<DWk^(Om^Xhnm^\,\ *fc. m«EV2 ^2 

n{)(.±mf^^mnz.m^nMs.(D^y\^y'!fns.A 
[0 0 3 6] mm\.rcnmmmxit. ■<y^M 

lc*fLTm«EV2 *2 A L^P^B]i[lL^dtffl*n«E% 

ffiV2 ^2 A LNp^Wtob/c^ffiip«ffi^S«fil"^;i/t 

ML, C<Dt^ffi-p2 ALI^raf*c±Lrcmii:-f>^Ml 5 
[0 0 3 7] (lcDj;9li:LTt^i'>'ey^''«J±dp (Dffl 

Xlil&A^^SBlcJIitb. it-&li:|?|gLfc'r>iJ'M*^&tD 

'<y^^^m{f^f^yhx-t^i^o\z.r^^o coLxm^ 

[0 0 3 8] filS. ^l^D^^^C^5V^Tt)R^t£D^'>^?jS 
^ttai?-<i:5fcJ6©IKii/VPXC43tt5M«EEV2 (DffI 

tmrmz M(Dmm{§(Dmsx^ni£j:i\ ^rc. n. 

«J±V2 ^ 2 A LBtP^EPiBLrdt 2 A L BfP^ O<4:±0#P^ 
ALC0ffla{gOf^c±B#PEg^aSttn{f J;V\ =5:*5, *%H^ 

i±n!-r^Lrc^mm(DiBmim'^T^i>(DXii^j: < , 

[003 9] 

ib(D^y'>m^9t(o-fy^mi^-^w-S'^x I vyvmm 

^m^t^mmic^i'-x. -fy-^mo^&timm^^miz 
imx^. w^m&(o^^rjiMmit^m^ctii'^x'^ 

[HStDSm^ljiB^] 

[02] 0 1 (D-OiJ'i^x'y h^-y V^&^^m^XX 
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[03] mmm(ommK^if^^yi'i^:i^y h^>y ko 
[0 4] mmmmMKtsif^^y'^iyx.y y-^-y 

[0 5] mmmmmic^i'f^^y'^i^x'y h^-y k% 



[01] 
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tify\^y^m.wm<omm^-tmo 
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ABSTRACT 



In a multi-drop system, a drive pulse voltage for Increasing 
a volume of an ink chamber is applied for a time of AL, a 
drive pulse voltage £or decreasing the volume of the ink 
chamber is subsequently applied for a time of 2AL^ appli- 
cation of the drive pulse voltage is thereafter paused for a 
time of AL> and die same timing operation is thereafter 
repeated again to jseifcvm emisston of an ink drop a plurality 
of times, where AL is a time required for a pressure wave in 
an ink chamber to be transmitted from an end to the odier 
end in tl» ink ends^on direction. The drive pulse voltage £br 
emitting a last ink drop forming a part of a one-dot liquid 
drop is applied for a time of 2AL, application of the drive 
pulse voltage is thereaft^ paused for a time of AL, and a 
dumping pulse voltage is thereafter applied in a direction in 
wliich die volume of the ink chamber is decreased. 
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